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Vagrancy is critical in facilitating range expansion and colonization through exploration
and occupation of potentially suitable habitat. Uncovering origins of vagrants will help us
better understand not only species-specific vagrant movements, but how the dynamics
of a naturally growing population influence vagrancy, and potentially lead to range
expansion. Under the premise that occurrence of vagrants is linked to increasing
population growth in the core of the breeding range, we assessed the utility of breeding
population survey data to predict source populations of vagrants. Lesser Black-backed
Gulls (LBBG) (Larus fuscus) served as our focal species due to their dramatic and well-
documented history of vagrancy to North America in the last 30 years. We related
annual occurrence of vagrants to indices of breeding population size and growth rate
of breeding populations. We propose that the fastest growing population is the most
likely source of recent vagrants to North America. Our study shows that it is possible
to predict potential source populations of vagrants with breeding population data, but
breeding surveys require increased standardization across years to improve models. For
the Lesser Black-backed Gull, Iceland’s breeding population likely influenced vagrancy
during the early years of colonization, but the major increase in vagrants occurred during
a period of growth of Greenland’s population, suggesting that Greenland is the source
population of the most recent pulse of vagrant LBBG to North America.

Keywords: vagrancy, range expansion, colonization, long-distance dispersal (LDD), source population, Lesser
black-backed gull

INTRODUCTION

Anthropogenic climate change continues to threaten species’ survival (Roman-Palacios and Wiens,
2020), and species must remain flexible if they are to escape extinction driven by climate change.
Occupation of potentially suitable habitat through range expansion and colonization is one way in
which species can survive climatic effects. Vagrancy, a process by which organisms engage in long-
distance dispersal movements outside of their known species range (Grinnell, 1922; Baker, 1978),
may provide the mechanism through which individuals can explore and occupy potentially suitable
habitat. Though these movements have often been attributed to internal errors in navigation
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(Rabel, 1969; DeSante, 1973; Cottridge and Vinicombe, 1996), or
passive displacement by wind or weather systems (Williamson,
1959; Elkins, 1979; McLaren, 1981; McLaren et al., 2006),
vagrancy is a natural part of mobile populations (Baker, 1978;
Hengeveld, 1989), and can result in range expansion (e.g., Veit
and Lewis, 1996; Massa et al., 2014) and colonization of new
habitat (e.g., Veit and Lewis, 1996; Veit et al., 2016). Vagrants,
however, are often difficult to study directly due to their inherent
rarity and unpredictable occurrence. In order to investigate the
role that vagrancy plays in range expansion and colonization,
we therefore need to study variability in this behavior through
a variety of methods.

It has been suggested that in order to naturally colonize
new habitat, a species must have a growing source population
(Hengeveld, 1989; Sztics et al., 2014). Of the studies that have
examined factors that influence vagrancy (DeBenedictis, 1971;
DeSante, 1973; Hampton, 1997; Veit, 1990, 1997, 2000; Elkins,
1999; Thorup, 2004; McLaren et al., 2006; Pfeifer et al., 2007;
Jiguet et al., 2008; De Juana and Garcia, 2010; Farnsworth et al,,
2015; Ralph and Wolfe, 2018; ZawadzKki et al., 2019), the majority
have found that vagrancy is strongly correlated with population,
either of the species’ overall population size (DeBenedictis, 1971;
DeSante, 1983; Thorup, 2004; Pfeifer et al., 2007; Ralph and
Wolfe, 2018), or annual variation in population size (Veit, 1990,
1997, 2000; McLaren et al., 2006; De Juana and Garcia, 2010;
Jiguet et al., 2008; Zawadzki et al., 2019). It has also been
found that increased incidence of vagrancy is linked to annual
population growth in the core of a species’ breeding range (Veit,
1997; McLaren et al., 2006; Zawadzki et al., 2019). Population
size and growth are therefore highly influential predictors when
estimating vagrant occurrence. Vagrancy is likely a density-
dependent phenomenon whereby increased productivity in a
given year leads to the production of more individuals than
the current habitat can support, leading to increased dispersal
(Southwood et al, 1974) and vagrancy (DeBenedictis, 1971;
DeSante, 1983; Patten and Marantz, 1996) to find newly suitable
habitat. Data on a species’ population size and growth will
be important in understanding range expansions, as colonizers
may be coming from regions that have experienced the most
rapid population growth, and may therefore be predisposed to
vagrancy (Phillips et al., 2010).

Using this information, we may be able to track colonization
of species undergoing range expansion, to determine where
vagrants are coming from, and may even be able to predict
which species are likely to occur as vagrants in the future.
Though tagging of individuals at known breeding sites through
either field-readable bands or GPS devices may provide more
direct evidence on individual movement, the likelihood that
any one bird tagged or banded will occur as a vagrant is
low. Recovery rates of banded passerines within their normal
range are already as low as 1.5% (North, 2020). Modeling with
long-term population data is thus vital in understanding range
expansion and colonization of vagrants.

Breeding population surveys of birds provide information
on annual breeding pairs at colonies or nesting-sites where
species are known to breed. Though protocol often vary by
country, data from these surveys provide long-term estimates of
population size and growth that may be useful for studying how

population dynamics in the breeding range influence vagrancy.
To examine the potential use of breeding population survey data
in determining source populations of vagrants, we investigated
the relationship between annual breeding population size and
growth rate of three known breeding populations of Lesser Black-
backed Gulls (L. fuscus; hereafter LBBG) in western Europe, and
the occurrence of vagrant LBBG in North America during the
years 1986-2018. LBBG are a unique case since they have a well-
documented history of vagrancy to North America, yet, as with
most vagrants, it is unknown where they are arriving from. We
predict that Greenland is the source population of vagrant LBBGs
to North America based on Greenland’s increasing population
after colonization, and proximity to North America.

MATERIALS AND METHODS

Study Species

Lesser Black-backed Gulls are a polytypic species whose breeding
range extends from Greenland to western Asia (Olsen and
Larsson, 2004). During the mid- to late-twentieth century, LBBGs
experienced a rapid increase in global population (Liebers and
Helbig, 2002; Olsen and Larsson, 2004), mainly attributed to
an increase in population growth of the Atlantic subspecies:
(1) intermedius, whose breeding range extends from Belgium
and Netherlands, to Norway, and (2) graellsii, which breeds
in Greenland and Iceland, along western Europe, south to
the Iberian Peninsula (Olsen and Larsson, 2004; Wetlands
International, 2020). As their populations increased, LBBGs
expanded their range westward across the Atlantic (Post and
Lewis, 1995), moving from breeding grounds in western Europe
to Iceland in the 1920s (Olsen and Larsson, 2004), and
subsequently colonizing Greenland between 1985 and 1990
(Boertmann, 2008). Iceland’s breeding population increased
from a 1,250 breeding pairs in 1974 to over 40,000 breeding
pairs in 2004 (Hallgrimsson et al., 2011). The colonization of
Greenland also rose rapidly, increasing from 13 records of non-
breeding individuals by 1984 (Boertmann, 2008), to an estimated
2,060 breeding pairs in 2016, the majority of which nest in
southwestern Greenland (Boertmann and Frederiksen, 2016;
Boertmann et al., 2020).

This rapid expansion shifted the LBBG breeding range closer
to North America, and was accompanied by increased numbers
of vagrant LBBGs on the continent. The first LBBG was recorded
in North America in 1934 (Edwards, 1935), and LBBG have now
been seen in every state and Canadian province (Figure 1; eBird,
2017), with over 1,000 individuals recorded annually since 2005
(National Audubon Society, 2020). LBBGs are mainly seen in
North America from September to March (Figure 2), though
sightings do occur year-round. Despite increasing occurrence
of LBBGs each year, they have yet to breed in North America
(with the exception of two hybrid pairs with Herring Gulls
(Larus argentatus); vanVliet et al., 1993; Ellis et al., 2007; Ellis
et al.,, 2014). This means that colonization of North America by
LBBGs is a result of repeated vagrancy by gulls arriving from
outside the continent.

Our study focuses on the Atlantic subspecies graellsii, which is
predominantly responsible for the westward range expansion of
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FIGURE 1 | eBird map of LBBG sightings in part of North America. The frequency is the percentage of submitted checklists from that region in which a LBBG was
recorded. Image provided by eBird (www.ebird.org) and created November 10, 2020.

LBBG across the Atlantic that coincided with the rapid increase range expansion, and the other three recognized subspecies,

in global population during the mid- to late-twentieth century  fuscus, heuglini, and taimyrensis (Liebers and Helbig, 2002;

(Olsen and Larsson, 2004; Sibley, 2014; Burger et al., 2020). The ~ Collinson et al., 2008), are restricted to breeding and wintering

other Atlantic subspecies intermedius was not involved in this sites outside the Atlantic area (Cramp and Simmons, 1983;
Olsen and Larsson, 2004), and are very unlikely to have
contributed to these movements (Sibley, 2014).

1400 Vagrant Data
1200 - We collected records of vagrant LBBGs in North America from
two sources. Numbers of wintering gulls (14 December to 5
1000 January) were taken from Christmas Bird Count (CBC) data
0] (Figure 3; National Audubon Society, 2020) from 1986 to 2018.
% 800 — All count circles with available data within the North American
= continent were included, covering the contiguous United States,
% 600 — all Canadian provinces, Central America (Mexico and Panama)
F 400 and the Caribbean (Bahamas, Bermuda, the Dominican Republic,
Haiti, and Puerto Rico). To correct for variation in observer
200 - effort across years, data were extracted as CBC trend estimates of
median abundance (T. Meehan, pers. comm. 2020, Meechan et al.,
0 - 2020), which were calculated using Bayesian hierarchical models

J M M J S N (Soykan et al., 2016)
Month Additional year-round sighting records of gulls were extracted
ont from Bird Observer', a Massachusetts-based journal, and used to

nalyz f vagrant LBBG. D T ilable from 1
FIGURE 2 | Monthly totals of LBBG recorded in Massachusetts from the analyze ages of vagrant G. Data were available fro 973

journal Bird Observer between the years 1971-2018. LBBG are more
commonly seen from September to March. !Bird Observer, Arlington, MA, United States. Available online at: https://www.
birdobserver.org/Issues/ Complete- Archive
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FIGURE 3 | Records of individual LBBG seen in North America during yearly Christmas Bird Counts (CBC) and from Bird Observer records from 1986 to 2018.
LBBG sightings increased rapidly after the early 1990s, and in the last decade, over 1,000 individuals have been present each year. CBC and Bird Observer records
are positively correlated with each other (= 0.82, p < 0.001).

to 2018. We chose this publication due to its intensive and
consistent record-keeping of birds sighted in the state throughout
the year (Veit, 1997), often with individuals identified to age.
Additionally, Massachusetts has a high concentration of LBBGs
each year (Veit and Petersen, 1993; Nisbet et al, 2013), and
is likely reflective of the pattern of sightings throughout North
America (Figure 3; correlation between CBC and Bird Observer
(see footnote 1) data: r = 0.82, p < 0.001).

While eBird has a large collection of sighting records of
vagrant LBBG, we chose to use CBC and Bird Observer (see
footnote 1) data since data from these sources are available for
the entire time series of our study, and records are ensured
to be single individuals (Zawadzki et al, 2019). eBird was
not founded until 2002, therefore any sightings prior to this
year may not be available on the platform. Additionally, eBird
often reports multiple sightings for the same individual, and
there are no consistent methods to distinguish single birds
from multiple records. Further, standardization of protocol
used during CBCs ensures that vagrant data are consistent
across years.

We refrain from drawing an arbitrary line over whether each
particular LBBG in North America is a vagrant, but rather
define vagrancy as the process of birds moving outside of the
core of their species’ range, driven by growing populations
(DeBenedictis, 1971; DeSante, 1983; Patten and Marantz, 1996;
Veit, 1997, 2000; Zawadzki et al, 2019) and exploratory
movements (Grinnell, 1922; Baker, 1978, Baker, 1980). This
definition incorporates vagrants that become recurrent seasonal
visitors, and those vagrant individuals that travel to an area and
stay for their lifetime. Accordingly, all sightings of LBBG in
North America have been included in our analyses, including
individuals that may return annually each winter.

Breeding Population Data

Breeding population data were extracted from countries where
graellsii breed, i.e., the United Kingdom (hereafter, UK), Iceland,
and Greenland (Figure 4). UK data were taken from the Seabird
Monitoring Programme (SMP) (JNCC, 2020), which annually
monitors breeding seabird colonies in Britain and Ireland. Data
are recorded as numbers of apparently occupied nests (AON),
and an estimate of AON for each year is derived from these
counts (I. Win, pers. comm. 2020, JNCC, 2020). Data were
available from 1986 to 2018.

Iceland and Greenland do not have routine monitoring
programs, therefore information on breeding colonies came from
other sources. Population estimates from Iceland were obtained
by estimating the number of active nests at the breeding colony
of Midnesheidi, Reykjanes Peninsula in southwest Iceland, the
largest breeding colony in Iceland. We chose to only use data
from Midnesheidi because it is the only LBBG colony that has
been consistently surveyed in Iceland, and population trends
at this colony are likely representative of the overall breeding
population in the country (Hallgrimsson et al, 2006). The
addition of limited surveys of other colonies around Iceland
would only increase the estimates by a few hundred nests per year
(Hallgrimsson et al., 2006), which is within the 95% confidence
interval of the nest estimates at Midnesheidi. Estimates were
taken between the years 1990 and 2006. Nests were counted
within a sample of 4,000 m? plots within the colony, and the
number of plots surveyed each year ranged from 28 to 34.
Outlines of the whole colony were observed and marked on
a map, and the colony edge was observed from high points
using a telescope and by walking with a GPS unit. The edge
was determined through observations of nest defense by adults,
a standard means of determining breeding status of birds (e.g.,

Frontiers in Ecology and Evolution | www.frontiersin.org

December 2021 | Volume 9 | Article 637452


https://www.frontiersin.org/journals/ecology-and-evolution
https://www.frontiersin.org/
https://www.frontiersin.org/journals/ecology-and-evolution#articles

Zawadzki et al.

Predicting Source Populations of Vagrants

A —e— CBC Estimate B —e— CBC Estimate
—4- UK Index —4- |celand Index
5 1.0 /A\ ° 5 10
Q@ 0.9 NN g 09
T 0.8 /a T 0.8
E 07 E 07
2 06 2 06
g 0.5 %’ 0.5 —
9 0.4 2 0.4 —
= 0.3 = 0.3
0.2 0.2 —
0.1 0.1 -
0.0 0.0
TTTTTTTTTTTTTTTI T ITTTITI T ITT T T T TTTTTTTTTITTTITTTIT T I T I IT I I TTTodT
90 9 00 05 10 15 90 95 00 05 10 15
Year Year
¢ —e— CBC Estimate / .
—4-  Greenland Index //
T 05
N
T 0.8
E 07
2 06
g 05 —
° 04
= 0.3
0.2
0.1
0.0
TTTTTTT T TT T I T T T T T TT T TT7T
90 95 00 05 10 15
Year
FIGURE 4 | Indices of annual breeding population size from 1986 to 2018 for (A) the UK, (B) Iceland (colony of Midnesheidi), and (C) Greenland (colony of Egaluit),
and Christmas Bird Count (CBC) trend estimates of vagrants. Trend estimates are calculated from CBC surveys as estimates of median abundance, using Bayesian
hierarchical methods (Soykan et al., 2016; Meehan et al., 2020). Normalized values were obtained by dividing each value in a given dataset by the maximum value of
that dataset.

Mitchell et al., 2004). The colony area was then calculated using
global information system (GIS; Esri Inc, 2008, ArcMap™ 9.3).
To calculate the mean density, and 95% confidence limits of
active nests, we used the program NEGBINOM (Krebs, 1999).
The size of the breeding population was found by multiplying the
density by the area.

Greenland data were collected from the Greenland Seabird
Colony Register. These data consisted of a series of sightings
and surveys conducted across Greenland between 1986 and 2018.
Data prior to 1990 were excluded from our analysis since the
first confirmed case of breeding was not until 1990. Due to
inconsistent survey efforts across Greenland, we used data from
the most consistently surveyed colony of Eqaluit in southwest
Greenland to represent breeding populations across Greenland.
The first evidence of breeding LBBG was at Eqaluit in 1990,
and Eqaluit has been surveyed 12 times between 1990 and 2018.
Counts of LBBG were recorded as either individuals, pairs, or
nests. A total pair count was calculated for each year, using the
formula: pairs in year t + nests in year ¢ + (individuals in year
t) x 0.7, where 0.7 is the k value used to convert individuals to
pairs (Harris et al., 2015).

Breeding data from all populations were converted to indices
for model analysis. Indices were calculated as percentages relative
to the base-year (first year of monitoring), which was set to 100%
(Thomas, 1993). Percentages were divided by 100 to derive an

index value. Growth rates (r) for each population were calculated
asr=In(\).

Model Analysis

Generalized Linear Models

We constructed generalized linear models (GLMs) for each
breeding population to estimate the relationship between
numbers of vagrants in North America (as trend estimates
from CBC data), and indices of annual breeding population
size and annual growth rate (r). We constrained our models to
1986 to 2018, when range expansion to Greenland and North
America occurred. We formulated four competitive GLMs,
including a null (no predictors). Models were ranked using
Akaike information criterion (AIC) comparison, with AIC values
corrected for small sample sizes (AICc) using function aictab
from the package “AICcmodavg” (Mazerolle, 2020). The model
with the lowest AICc value was chosen as the best model if
it was at least two AICc values lower than the next most
competitive model (Burnham and Anderson, 2003). All analyses
were conducted using R (R Core Team, 2019).

Generalized Additive Models

Due to the non-linear trajectory of population count data,
we also constructed generalized additive models (GAMs) for
each breeding population to estimate the relationship between
numbers of vagrants in North America (as trend estimates
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from CBC data), and indices of annual breeding population
size. Growth rates (r) were not included in these models due
to insufficient sample sizes to include additional smoothing
parameters. GAMs are much better at dealing with variability
in count data due to the non-linear estimates calculated (Wood,
2006; Knape, 2016), and are often used to estimate changes
in population over time (Knape, 2016). Our GAMs were
constrained to the same timeframe as our GLMs. A total of
four models were constructed, including a null (no explanatory
variables), using the package “mgcv” in R (Wood, 2017). We
used a negative binomial distribution of errors to correct for
overdispersion in our data (Lindén and Mintyniemi, 2011).
Models were ranked using AIC comparison using the function
model.sel from package “MuMIn” (Barton, 2020) to determine
which model best fit our data. All analyses were conducted using
R (R Core Team, 2019).

RESULTS

Generalized Linear Models

Our most competitive model was the model for Greenland’s
breeding population (Table 1). Occurrence of vagrancy was
positively correlated with both Greenland’s index of population
size and growth rate, albeit not significantly (Table 1). The
model for Iceland competed with the model for Greenland
as the most competitive model, differing in AICc value by
only 1.25. Iceland’s index of population size and growth rate
were positively correlated with vagrancy, of which the index of
population size was significantly correlated with vagrancy. UK
breeding populations were significantly inversely related with
vagrant occurrence (Table 1), and were the least competitive
models alongside the null models.

Generalized Additive Models

Our most competitive GAM was the model for Iceland’s
breeding population (Table 2). Plots of this relationship indicate
that Icelandic breeding populations seem to influence vagrant
occurrence at two extremes (Figure 5B). When Icelandic
populations are low or high, vagrants are abundant in North
America. However, when Icelandic populations are steady,
numbers of vagrants in North America are low. On the other
hand, our GAM for Greenland’s breeding population showed
a direct positive relationship between breeding population size
and occurrence of vagrants in North America (Figure 5C),
indicating occurrence of vagrants increases with increasing
breeding population size in Greenland. UK breeding populations
were inversely correlated with vagrancy (Figure 5A), and were
the least competitive models alongside the null models.

DISCUSSION

We conclude that it is possible to predict potential source
populations of vagrants using breeding population data. Our
GLMs and GAMs for each breeding population modeled
occurrence of vagrants better than the null model (Tables 1, 2).
However, there are limitations present in this type of analysis if

survey efforts are inconsistent or incomplete during the breeding
season. For LBBG, the source population was likely derived from
breeding populations in both Greenland and Iceland, though
Greenland is most likely the source of the recent (since 2000)
surge of vagrants to North America. The model that related
Greenlandic populations to occurrence of vagrants was our most
competitive model for our GLMs, while the model that related
Icelandic populations to occurrence of vagrants was our most
competitive model for our GAMs. While we acknowledge that
other unknown or untested factors could also explain vagrancy,
these are secondary to our study since we are focused on testing
whether breeding population data can be used to predict a
plausible source population of vagrants under the premise that
population growth drives vagrancy (Patten and Marantz, 1996;
Ralph and Wolfe, 2018; ZawadzKki et al., 2019).

The ability to predict source populations of vagrants through
breeding data alone is invaluable to studies on vagrancy, and will
be widely applicable to a variety of vagrant species. Vagrants are
difficult to study directly due to their inherent rarity, and have
been seldom studied as a result. Having a methodology available
to be able to study vagrants indirectly will increase the possibility
for research in this area. This is particularly true of short-lived
passerines, which are often too small for direct studies on their
movement, such as through GPS-tracking. Further, this strong
relationship between population and occurrence of vagrants has
important implications for the role that vagrancy plays in both
range expansion and colonization of species. Range expansion
and/or colonization are a likely result of vagrancy, and studies
on population dynamics of species can provide inference into
species that are more likely to expand their range in the future
(e.g., Jiguet and Barbet-Massin, 2013). Since population dynamics
are also tied to a species’ habitat, it is imperative that we explore
how habitat change influences vagrancy through its continued
effect on population (DeBenedictis, 1971; DeSante, 1983; Patten
and Marantz, 1996).

Source Population of Lesser
Black-Backed Gulls

Iceland’s breeding population was likely important during early
years of colonization in North America (either directly or
indirectly; Figure 5B), prior to its stark decline in 2005 (82%
decline between 2004 and 2006). Early colonization of North
America coincided with an increase in both the Icelandic
and Greenlandic breeding populations (Figure 4). It has been
proposed that Greenland’s breeding population was founded by
Icelandic gulls between 1986 and 1990 (Boertmann, 2008). It is
therefore possible that some vagrant LBBG in North America
originated from Iceland prior to their decline in 2005, either
directly from Iceland, or through colonization of Greenland and
subsequent migration to North America, though any records
of LBBG in North America prior to 1990 must have derived
from other populations since a breeding population was not
yet established in Greenland. Nevertheless, it is unambiguous
that the major increase of vagrant LBBG to North America
occurred during a period of growth of the Greenland population
(Figure 4). Greenland’s population has been significantly
influential across the entire time series (Figure 5C).
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TABLE 1 | Parameter estimates for univariate generalized linear models (GLMs) of the relationship between trend estimates of vagrant LBBG occurrence in North
America from CBC data and indices of annual breeding population size and growth rate (r) of the breeding population in the UK, Iceland, and Greenland.

Population Population size p-value Growth rate (r) p-value n AAICc AICc weight Adj. R?
Greenland 0.13 0.08 0.36 0.53 12 0.00 0.65 0.20*
Iceland 2.11 0.03 —-0.74 0.06 7 1.25 0.35 0.88
UK —5.68 <0.001 —4.88 0.02 33 89.82 0.00 0.63
Null — — — — 33 131.56 0.00 n/a

Models were constrained to the years 1986-2018. The best model was selected based on the lowest AlCc value. Effect sizes are listed for each predictor.

*Best model as selected based on the lowest AlCc value.
Bold-faced p-values are significant (i.e. p < 0.05).

TABLE 2 | Model selection for generalized additive models (GAMSs) of the relationship between trend estimates of vagrant LBBG occurrence in North America from CBC
data and indices of annual breeding population size and growth rate (r) of the breeding population in the UK, Iceland, and Greenland.

Population Population size p Growth rate (r) P Deviance (%) k n AAICc Adj. R2
Iceland 0.64 0.42 0.22 0.64 41.3 4 6 0.00 0.87*
Greenland 1.22 0.27 0.20 0.66 28.9 6 11 15.02 0.05
UK 11.15 <0.01 1.41 0.23 64.5 33 32 102.68 0.88
Null - - - - 0.0 - 33 122.27 n/a

Models were constrained to the years 1986-2018. GAMs were run with negative binomial errors. The best model was selected based on the lowest AlCc value. Effect

sizes are listed for each predictor.
*Best model as selected based on the lowest AlCc value.
Bold-faced p-values are significant (i.e. p < 0.05).

Recent tracking efforts by Pennsylvanias (PA) Game
Commission confirm this link (Barber et al., in press). Barber
etal. (in press) affixed 9 wintering vagrant LBBG in Pennsylvania
with GPS devices, and discovered that five of these individuals
traveled to Greenland in the summer for two consecutive
migrations. Furthermore, a noticeable “jump” in the arrival
of first calendar year to third calendar year birds occurred in
Massachusetts and Rhode Island in 2005-2010 [Bird Observer
(see footnote 1), eBird, 2017], and again in 2018-2021, including
500 immatures (<2 years old) at Fire Island, New York. Due to
absence of breeding in North America, these birds must derive
from a rapidly growing colony elsewhere. Therefore, our premise
that increasing source populations are producing large numbers
of vagrants is supported. Peaks of immature gulls in North
America also coincide with peaks in breeding population size of
Greenland LBBG (Supplementary Figure 1).

The large number of unbanded gulls in North America also
indicates that they are arriving from locations where graellsii
remain unbanded, such as colonies in western Iceland and
Greenland. In spite of considerable color-banding effort in
Iceland, Netherlands, and the British Isles, only two banded gulls
have been re-sighted in North America: (1) a juvenile gull banded
in Netherlands that was spotted as an adult in Long Island,
New York on 7 October 1997, and (2) a first-winter gull from
southwestern Iceland, that was seen during its first winter in
Puerto Rico on 16 and 20 November 2002 (Hallgrimsson et al.,
2011). No other re-sightings have been reported even though
thousands of LBBG are seen in North America each year.

Our models also suggest that vagrant LBBG do not originate
from the UK, and vagrancy is inversely correlated with UK LBBG
populations (Table 1 and Figure 5A). UK breeding populations
have declined rapidly since 2000 (Figure 4A), as a result of

increased culling practices, and changes to landfill and fishing
practices (Ross-Smith et al., 2014a,b; Nager and O’Hanlon, 2016).
This rapid decline in UK breeders at a time when vagrants were
increasing makes it unlikely that vagrant gulls originate from UK
colonies. Additionally, decadal censuses of wintering gulls have
found that UK-breeding LBBG are wintering more frequently
in the UK (Burton et al., 2003, 2013; Banks et al., 2009; Ross-
Smith et al., 2015), rather than migrating to southwest Europe
and northwest Africa (Hallgrimsson et al., 2012). Since UK LBBG
show high wintering site fidelity (Thaxter et al., 2012), increased
residency of UK LBBG further decreases the likelihood that
North American vagrants originate from UK colonies.

Age of Vagrant Lesser Black-Backed
Gulls

It has often been speculated that the recent influx of LBBG
to North America is a result of breeding on the continent,
rather than repeated instances of vagrancy. These breeding claims
lack support. Only two instances of breeding have ever been
confirmed in North America, and both cases were hybridizations
between a LBBG and a Herring Gull (Larus argentatus)—one
nesting pair in Juneau, Alaska in 1993 (vanVliet et al., 1993),
and another pair on Appledore Island, Maine from 2007 to
present, which has since fledged five hybrid chicks (Ellis et al.,
2007, 2014). Additionally, despite the presence of some breeding
plumaged adults during summer for nearly two decades, they
have not been seen visiting breeding habitats, even though
LBBG are known to breed in mixed gull colonies (Camphuysen,
2011). The majority of vagrant LBBG seen in North America
are juveniles [Bird Observer (see footnote 1); Supplementary
Figure 2A], particularly first calendar year birds (Supplementary
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Figure 2B), and adults are mainly seen outside of the breeding
season (Supplementary Figure 3), making breeding unlikely.

Baker (1980) proposed that LBBG follow an exploratory
migration model, whereby young birds explore during the first
18 months after fledging, and areas that are found to be
more suitable for overwintering will facilitate a change in their
migratory behavior as adults. Tracking studies of immature LBBG
also show that pre-breeding LBBG are more prone to these pre-
migratory and post-migratory dispersal movements (Piitz et al.,
2007, 2008; Camphuysen, 2011). This coincides with the age
profile we see in North America, where younger birds are seen
throughout the year, while adult birds are mainly present during
the winter season.

Methodological Constraints

Our analysis did pose limitations due to inconsistent survey
efforts during breeding. For LBBG, while surveys in the UK
are annually consistent (JNCC, 2020), survey efforts in Iceland
and Greenland vary widely from year to year, and many years
are missing from the dataset. Furthermore, in Greenland, the
same colonies are not surveyed each year, creating between-
year variation that is not representative of the actual size of

the breeding population (Boertmann and Frederiksen, 2016;
Boertmann et al., 2020), and could only be resolved by limiting
analyses to one colony (which itself was under-surveyed; n = 12;
Supplementary Tables 1, 2). These irregularities constrained
our models since we only had small sample sizes to work with.
Despite these limitations, we feel that the data available faithfully
identify the periods of maximum growth for each of these
populations, though there is room for improvement in collecting
future datasets.

Long-term, consistent, and systematic breeding bird surveys
are necessary to more accurately assess patterns of vagrant
occurrence and establishment of vagrant colonies. Such surveys
do exist in a number of countries for other species [e.g.,
North American Breeding Bird Survey (Pardieck et al., 2020),
SMP (JNCC, 2020), Netherlands Ecological Monitoring Network
(Sovon, 2019), and many others], but this is not the case
globally, particularly in areas of the globe that are less accessible.
Furthermore, species that are secretive or classified as pests
(many gulls) may be overlooked, even in countries where robust
breeding survey efforts are in place. Annual study plots with
standardized protocol for each species (where possible) should
be the aim, and would benefit not only future studies on LBBG
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vagrancy, but on vagrancy and population dynamics as a whole.
For species in which frequent surveys are not possible, modeling
could be supplemented by other field methods, such as tracking
of vagrant individuals to their breeding/summering grounds
with GPS devices, or stable isotope analysis to determine the
natal origin of vagrant individuals (De Jong et al.,, 2019), but
both of these methods pose additional problems themselves
since vagrants are hard to catch, and isoscapes (for stable
isotope analysis) are not as well-defined across Europe (Hobson
et al., 2004). Improving survey efforts of native breeders would
be the best way to improve studies of vagrancy since these
studies often require indirect means of analysis. Furthermore,
from an analytical perspective, statistical approaches must be
carefully considered to improve our understanding of population
dynamics of vagrants. For example, GAMs may provide a
more robust alternative to GLMs when accounting for temporal
variation in count data, and are increasingly becoming the norm
when modeling changes in populations over time (Knape, 2016).

CONCLUSION

Our study shows that data on breeding populations can be used
to determine plausible source populations of vagrants, but the
fit of these models will be greatly improved with standardized
survey efforts at breeding sites, and implementation of GAMs
over GLMs for count data. For LBBG, Greenland and Iceland
have influenced the increase in vagrant LBBG to North America.
While Iceland may have contributed to vagrancy in early years of
colonization, Greenland populations have consistently increased
alongside numbers of vagrants, suggesting Greenland is the
source population of vagrant LBBG. We predict that within the
next few decades LBBG will occur regularly enough in North
America to be considered an established wintering population,
and, following Boertmann’s (2008) predictions, may even
establish a small breeding population. Future studies of vagrant
LBBG should incorporate GPS-tracking of wintering gulls in
North America to their breeding/summering grounds to verify
the results of our model analysis, and uncover the migratory
routes of North American LBBG. Stable isotope analyses and
mitochondrial DNA studies (Liebers and Helbig, 2002) may also
help to directly elucidate the origin of vagrant LBBG.
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